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PREFACE. 

Since the discovery of the western continent by Co- 
lumbus, in 1492, the Art of Navigation has excited the 
attention of all maritime nations. Among the .able 
writers who have investigated this great and interest- 
ing subject, none are more eminent than our distin- 
guished countryman Dr. Bowditch, author of the New 
American Practical Navigator. The Diagram of Nav- 
igation is not to be considered a substitute for that stand- 
ai d work ; on the contrary its object is to render that 
work more extensively useful, by exciting the attention 
of all persons to the general subject of Navigation, by a 
system the most easy and comprehensive ; and especially 
ihat every seaman who can read and write, and who may 
know the use of figures in the four simple rules of 
arithmetic, may, with little study, be competent to keep 
the reckoning of a vessel. The Diagram of Naviga- 
tion exhibits, at one glance, the whole system of calcu- 
lation in' making up the reckoning. From very little 
use it impresses clearly, and distinctly, on the mind, and 
fixes in the memory, all the necessary rules for per- 
forming the problems in Plane, Traverse, Parallel, 
Middle Latitude, and Mercator's Sailing, without the 
aid of any other book or table. The extreme facility 
of performing, by it, all problems in right angled plane 
trigonometry cannot fail to recommend it to students 
and teachers in Geometry, Navigation and Surveying, 
for the aid it will afford them in communicating, by sen- 
sible demonstration, the first principles in these sci- 
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PREFACE. 



enees. It will be, therefore, a valuable acquisition in 
aH schools where these branches are taught. 

In regard to the Diagram of Navigation it may not 
be improper for toe to say, it is toy own invention. 
That any similar scheme ha<J been used, or projected, 
I had no knowledge till I exhibited, in 1820, a manu- 
script of the Diagram to a learned friend,* who first 
made me acquainted with the Quartier de RSduction^ as 
described and explained by B6zout> in his TraiiS de 
Navigation. 

The Diagram of Navigation, and the Quartier de Re* 
duct ion are projected on the same geometrical princi- 
ples. The arrangement of these principles for practi^ 
cal utility is however essentially different in the two 
instruments. 

The graduated and appropriate Index of the Dta-? 
gram relieves it from the troublesome thread, and the 
confused concentric arcs of the Quartier de Reduction, 
Beside, the annexation of the Arc of expanded De-r 
grees of latitude renders the Diagram of Navigation 
the most convenient system in use for making up the 
reckoning. Those acquainted with the Quartier de 
Reduction will find its deficiences supplied by the Di- 
agram. The Arc of the Diagram being graduated to 
tenths of a degree, and which, by a vernier scale, may 
be reduced to minutes, renders it very convenient and 
accurate in perforjning many common problems which 
are somewhat ttoublesome by the method of inspec- 
tion, where the tables are only calculated to whole 
degrees. For instance', 7 if the exact course and dis- 
tance were required for 175 miles difference of lati- 
tude and 135 miles departure — the Diagram, from a 

* The Hon. John Davis, LL. D. Judge of Ihe U. S. District 

Court, in Mussachusi its. 
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PREFACE. 

simple operation, gives the course 37° and 6^ tenths or 
37*39', and the distance 221 miles; and these results are 
the saxne by logarithms. But the mean of two opera- 
tions by inspection gives the course 37 0 30', and the 
distance 220.5, 

The Piagram if carefully used is not liable to get 
out of order.. If at any time it may be supposed to be 
in error, its accuracy may be tested many obvious 
ways ; among others, set the index on 60° of latitude, 
and any number traced from the equator will be doub- 
led on the index — according to the theorem that the 
secant of 60° is equal to twice the radius ; from which 
is this rule, Rad. : mer. dist. :: sec of lat. : _dif£ of Ion. 
fn publishing the Te marks which accompany the Di- 
agram, after the description and use, my original inten- 
tion was to have added only the rules, examples and 
illustrations which are contained in pages 16 to 31 ; — 
But to make it more acceptable to those may who wish 
to become acquainted with the method of resolving 
the problems in Navigation arithmetically, I have added 
the second section, containing easy theorems from which 
the solutions are derived. The projection of the tri- 
angle given by the theorem, being readily formed by the 
Diagram, if it be well examined in connection with the 
reading of the solution, the learner will soon possess 
the idea of the proportions of the several terms. As 
all right-angled plane triangles may be, immediately, 
and accurately resolved by the diagram, it may be ex- 
tensively useful for many valuable purposes. The ex- 
amples given in this small work are necessarily few ; 
but, by the Diagram,in the hands of a teacher they may 
be unlimited. In the execution of the work I hat r c 
aimed at correctness ; for any errors, which may have 
escaped my observation, I claim indulgence. 
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1. Navigation, in a special sense, is the art of sailing 
a vessel from one place to another. 

2. That part of Navigation called Nautical Astron- 
omy comprehends observations of the heavenly bodies, 
by suitable instruments, whereby the ship's place may 
be known with more certainty. 

Description of the Diagram of Navigation. 

3. The Diagram of Navigation is a geometrical ca- 
non of sines, tangents, and secants, corresponding to any 
given radius. 

4. Jt is in the form of a Quadrant, or quarter circle, 
and exhibits a series of right-angled plane triangles^ 
whosj sides and angles are measured by marginal fig- 
ures. 

5. It has two sides perpendicular to each other, and 
a graduated Arc. * 

6. The sides are divided into equal parts ; to which 
parts are drawn lines parallel to the tides ; whieh lbies^ 
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intersecting at right angles, form the plane of the Dia- 
gram into equal squares. 

7. The equal parts into which the sides are divided 
are numbered at every decimal division, and every filth 
line being larger than those which are intermediate, 
any line may be readily traced to its margin, where its 
value is given. 

8. The Arc is divided into eight parts, correspond- 
ing to the eight points of the quarter compass ; which 
are numbered from left to right ; and each point is 
subdivided into half and quarter points. 

9. The Arc is also divided into ninety degrees ; 
which arc numbered at every division of five degrees, 
from left to right, and also from right to left ; and 
each degree is subdivided into tenths. 

10. The Arc may be divided into any given number 
of equal parts. 

11. On the centre angle of the Diagram is fitted a 
moveable Index ; one edge of which (that which coin- 
cides with the pivot on which it moves) is graduated to 
the equal parts of the* sides. 

12. From the centre angle to the arc are drawn 
rhumb lines for the points of the compass, as a guide 
to catch the eye readily on these points, and as shew- 
ing how the index forms the hypothenuse, or longest 
-side of a right-angled triangle. 

13. The divisions on the sides, and on the index may 
be valued as the figures express, or in any other con- 
venient numbers resulting from multiplication or divis- 
ion, as in any scale of equal parts. Thus 100 may be 
used as ^ as 10, as 100, as 1000, as 10,000, &c— 
The subdivisions being always in a decimal ratio to the 
number assumed. 

» 14. To the main arc of the diagram is annexed an 
arc of expanded degrees of latitude for the meridional 

Sarts used in Mercator's sailing. This arc is also divi- 
ed into degrees and tenths, and is numbered at every 
division of five degrees, beginning at 10° and ending at 
b2°. The process of obtaining the meridional parts 
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by thjs arc is very simple, and will be explained under 
Mercator's sailing. 

15. The left side of the diagram herewith publish- 
ed is marked meridian, and the right equator. The 
first column on the arc is marked course in points, the 
second course in degrees, the third latitude, and the 
fourth expanded degrees of latitude. Their several 
uses will be hereinafter explained. , 

16. By a vernier fixed to the index the tenths of 
degrees may be subdivided into minutes. At each end 
of the main arc is an arc of excess. 

1 7. For permanent use the diagram may be made 
on hard metal ; but which would be too expensive for 
general circulation. I therefore publish it as an en- 
graving, to render it more accessible to those for whose 
use it is intended. 

Use of the Diagram of Navigation. 

18. The Diagram of Navigation may be used to as- 
certain readily, and accurately the unknown parts of 
any right-angled plane triangle, if at least there be giv- 
en one of the sides, and an acute angle opposite, or * 
contiguous to the side given. 

19. It is therefore very conveniently applicable to 
the solution of all problems in navigation relating to 
plane, traverse, parallel, middle latitude, and Merca- 
tor's sailing. . 

20. For this purpose the arc represents a quarter 
section of the horizon, one side the meridian, and the 
other the equator. 

21. Either side may be assumed as meridian ; but 
in practice it will be found most convenient to use one 
side constantly as meridian, and the other as equator. 
Throughout this work I shall use the lelt side as me- 
ridian, and the right as equator, and they are thus de- 
signated on the engraved diagram; the results will be 
applied to that quarter of the horizon which corres- 
ponds to the given problem. 

■ 
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22. By the description of the diagram it will be sees 
that it is an instrument, or table of geometrical ratio and 
proportion ; by which any three numbers being given 
a fourth proportional is readily found. Example. — As 
220 is to 160 so is 110 to 80. Illustration. — On either 
side of the diagram take 220, and trace its line till it 
intersects the line of 160 taken from the other side. 
At the point of intersection set the index ; then 1 10 ta- 
ken on the side which 220 was, and traced to the grad- 
uated edge of the index will intersect the line 80 from 
the side 160 was taken. 

23. By fixing sights on the index the diagram be- 
comes a convenient Theodolite to take the angles of 
objects on the land ; and by fixing one of its sides per- 

ndicular to the horizon the altitude of objects may 
measured bv it. 

24. In all references to the index, the graduated 
edge only is to be understood. 

Remarks for using the Diagram. 

25. The course is taken on the arc in points, or in 
degrees, counted from left to right. 

26. The distance on the index, in miles. 

27. The DIFFERENCE OF LATITUDE, on the MERIDIAN, in 

miles. 

28. The departure, on the equator,* in miles. 

29. The meridian distance on the equator, in miles. 

30. The difference of longitude, on the index in 
miles, for parallel and middle latitude sailing ; but for 
JWercator's sailing, on the equator. 

31. The meridional difference of latitude, on the 
meridian, in meridional parts. 

32. The latitude, and the middle latitude are count- 
ed on the arc marked latitude, and from right to left. 

* The departure being the siue of the course, is always parallel io 
the equator. If oo any course the distance terminates at the equa- 
tor, the departure is a section of the equator. If the distance ter- 
minates at a parallel of latitude, the depaiture is a section of that 
parallel; in either case the admeasurement on the equator is the same. 
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Definitions. 

33. The earth is a spheroid, being a little compressed 
at the poles ; but for all purposes of practical naviga- 
tion it is considered a globe. 

34. Every place or point on the earth, is designated 
by Us latitude and its longitude. 

35. Latitude commences at 0 on the equator, and is ; 
counted on a meridian, 90° north, to the north pole, 
and 90° south to the south pole. 

36. Circles of Latitude are therefore parallel to the 
equator, and tncy decrease as the latitude approaches 
the pole. 

37. Longitude commences at 0 on the first meridian, 
and is counted on the equator east or west 180°. 

38. The First Meridian is the meridian of some 
chosen place, from which the longitude is reckoned. 

39. Different nations have chosen different meridians 
for their first meridian. The English and the Ameri- 
cans reckon their longitude from the meridian ot 
Greenwich, which is used as the first meridian in 
this work. ' 

40. Meridians are arcs of semicircles subtended by 
the earth's axis. Their extremities are therefore in 
the poles of the equator. Two opposite meridians 
united form a great circle. 

41. A ship's reckoning is kept in latitude and in lon- 
gitude ; and* its object is to ascertain froin.it, at all 
times, the place of the ship on the ocean. 

42. .The elements of the reckoning: are the course 
steered, and the distance sailed ; from which arc known 
the difference of latitude and the departure ; and from 

» the departure is deduced the difference of longitude. 

43. If the course, and the distance could be exactly 
determined on all occasions, the aid of nautical astron- 
omy would not be required to correct the reckoning. 

44. But the course, and the distance are both sub- 
ject to uncertainty from many causes. 



■ t 



Digitized by Google 



I- 



14 



45. The course is affected by the variation of the 
, compass, lee-way, currents, heave of the sea, an un- 
steady helm, &c. 

46. The distance is affected by the inaccurate mea- 
sure of the ship's progress, or rate of sailing ; and also 
by uncertain currents, and heave of the sea. 

47. A certain reliance cannot therefore be had on 
■ the course or the distance ; nevertheless after making 

such allowance for errors which may be known, 
and for such others as the judgment of the experienc- 
ed mariner may dictate, the course, and the distance 
are usually assumed, and concluded on as true in all 
operations regarding the reckoning ; which is corrected 
fcy nautical astronomy as the opportunities for ob- 
servations of the heavenly bodies afford. 

PLANE SAILING. 

48. In plane sailing no regard is had to the spheri- 
cal figure of the earth ; which, for this purpose is con- 
sidered an even extended plane ; on which the meridi- 
ans arc supposed parallel, and forming with the paral- 
lels of latitude, equal squares. 

49. In plane sailing four terras of proportion arc 
osed? viz. the Course, the Distance, the Difference of 
Latitude, and the Departure ; any two of which being 
given the other two may be found. 

.50. The course is the direction in which the ship 
sails toward the horizon. It is ascertained by the* 
compass, and is reckoned in points, and quarter points* 
or in degrees and minutes. 

51. The course is counted from the north to the 
cast 8 points or 90°, from the north to the west 8 
points or 90°, from the south to the east 8 points, or 
90% and from the south to the west 8 points or 90 
•degrees. 

52. The distance is the extent the ship sails on a 
direct course ; it is reckoned in miles, and is determin- 
ed by an instrument called the log. 
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53. The difference of latitude is the n or til, or 
south distance made on a direct course, and is reckoned 
in miles. 

54. The departure is the east or west distance, 
made on a direct course, and is reckoned in miles. 

55. By these definitions it is evident that if a ship 
sail due north, or south, the difference of latitude will 
be equal to the distance sailed, and there will be no 
departure. 

56. If she sail due east or west, the departure will 
be equal to the distance sailed, and there will be no 
difference of latitude, 

57. But if she sail on an oblique course, that is be- 
tween any two cardinal points, she will make both differ- 
ence of latitude and departure ; and each in a ratio as 
she sails more toward the one than the other. 

58. If a ship sail more toward the north, or south, 
than the east or west, the difference of latitude wilt., 
exceed the departure. % 

59. And if sne sail more toward the east or west, 
than the north or south, the departure will exceed the 
difference of latitude. 

60. But in no case can the difference of latitude, or 
the departure exceed the distance sailed. 

61. The analogy which plane sailing has to plane 
trigonometry is, that on all oblique courses the distance* 
the difference of latitude^ and tne departure make the 
three sides ol a right-angled triangle ; in which the 
distance always represents the hypothenuse or longest 
side, — the difference of latitude and the departure the- 
two sides which comprise the right-angle. 

62. And, as an angle in a semi-circle is a right-angle, 
so,will the two sides made by the difference- of lati- 
tude and the departure be exactly contained within 
the arc of a semi-circle whose subtense, or chord is 
equal to the distance sailed, on any oblique course. 

63. In plane sailing there are six cases. 
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' CASE 1. 

61. Given — tJie course and distance, to find tlie differ*- 

ENC£ of LATITUDE and DEPARTURE. 

Rule. — Set the index on the course ; — then from 
the distance on the index, trace the nearest line to the 
meridian for the difference of latitude, — and the near- 
est line to the equator for the departure. 

Example. — A ship sails north 3 points east,. 243 
miles, — required the difference of latitude and dc^ 
parture. 

Here — the index set m the course 3 points, 243 the 
distance taken on the index, intersects the line to tho 
meridian 202 for difference of latitude, and the line to 
the equator 135 for departure. 

Example. — A ship sails S. 30 deg. W. 164 miles — 
required! the difference of latitude and departure. 

,Here the index set on the course 30 aeg. (counted 
; : ~0§fh the meridian) 164 the distance gives the diff. of 
' ^lat; 142 and the departure 82. 

Remark. — By these examples it is seen that the dis- 
tance, the difference of latitude, and the departure all 
meet at the same point of intersection on tne rhumb- 
line of the course ; and which shews that the point of 
intersection of any two given terms is also that of the 
two terms sought. By well considering this important 
fact, learnere will soon acquire a knowledge of the re- 
lations of the general terms used in Navigation. 

• 

CASE 2. 

65. Given — the course and difference of latitude, to 
find the distance and departure. 
Rule. — Set the index on the course ; then the diff. 
lat. taken on the meridian, and traced to the graduated 
edge of the index, will give the distance on the index, 
and the line to the equator for the departure. 

Example. — A ship sails north 3-^ points cast, and 
the diff. of lat. is 143 miles ; required the distance and 
the departure. 
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Here the index set on the course 3-^ points, the cliff, 
lat. 143 taken on the meridian, will give the distance 
178 on the index, ajid the line to the equator 106 for 
the departure. 

CASE 3. 

66. Given — the course and departure, to find the dis- 

tance and DIFFERENCE OF LATITUDE. 

■ 

JRule. — Set the index on the course ; then the de- 
parture taken on the equator will give the distance on 
tho index, and the line to the meridian for the diff. of 
latitude. 

Example. — A ship sails north 2f points east till her 
departure is 116 miles; required the distance and 
din, of latitude* 

Here the index set on the course 2~ points, the de- 
parture 116 taken on the equator will give the dis- 
tance 246 on the index, and the line 217 to the merid- 
ian for diff. of latitude. 
■ 

CASE 4. 

67. Given — the distance and difference of latitude- fa 

find the course and departure. 

Rule. — Set the index to meet the diff. lat. from the 
meridian, with the distance on the index, it will be on 
the course, and the line to the equator for the depar- 
ture will be given. 

Example. — A ship sails southwesterly 212 miles, and 
her diff. of lat is 187 ; required the course and depar- 
ture. 

Here the index set to meet the distance 212 with 
the diff. of lat. 187 will be on the course 2£ points (or 
s. s. w. half w.) and will giro the line to the equator 
100 for the departure. 
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CASE 5- 

6fl. Given — the distance and departure, to find the 
course and difference of latitude. 

Ride. — Set the index to meet the departure with 

the distance, it will be on the course, and will give the 

line to the meridian for the diff. of lat. 

Example. — A ship sails southwesterly 104 miles, and 
her departure is 64. ; required the course and diff. of 
latitude. 

Here the index set to meet the departure 64, with 
the distance 104 will give the course 38 deg. (or s. 38° 
w.) and the dill of lat. 82. 

CASE 6. 

69. Given — the difference of latitude and departure, 
to find the course and distance. 

Rule, — Set the index to meet the difference of lati- 
tude with the departure, it will be on the course, and 
will give the distance on the index. 

Example. — A ship sails northeasterly, and her diff 
of lat is 89 miles, and her departure 36 ; required the 
course and distance. 

Here the index set to meet the diff. of lat. 89 with 
the dep. 36, it will be on the course 22 deg. (or N. 22 
deg. E.) and will give the distance 96 miles. 

TRAVERSE SAILING. 

70. When a ship sails on several courses during a 
day, or any given period of time, it is called traverse 
sailing. These courses and the distances are entered 
in the traverse table so called ; and on each separate 
course and distance is calculated, by case 1, plane sail- 
ing, the difference of latitude and the departure ; which 
are entered in the table, in their proper columns. 
This done, the several columns are added up, and the 

t 
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less latitudes taken from the greater, and the less 
departures from the greater. The remainders will 
shew the true difference of latitude and departure 
made by all the courses; and with this d?\f. of lat. 
and ^departure, the direct course and distance is 
found, by case 6, plane sailing. Example, — A ship sails 
the following courses and distances, viz : N. N. E. 13 
miles, W. K W. 13, N. E. 24, S. E. by E. half E. 17, 
S. by W. quarter W. 33 ; required the direct course 
and distance. 



TRAVERSE TABLE. 



COURSES. 

N. 2 pts. E. 
N. 6 pts. W. 
N. 4 pts. E. 
S. 54- pts. E 
S. lipts. W 




DIFF. 



MT. 



1)i >v .. 



Br. 



N. 



W. 



12 0 
5 0 
17 0 
0 0 
0 0 



■ ■ 

34 



0 D 
0 0 
0 0 
8 0 
32 0 



5 0 
0 0 
17 0 
15 0 
0 0 



40 
34 



6 



37 
20 

17 



0 0 
12 0 

o ofjsp 

0 0 



* M t 



Here the two remainders shew that the diff. lat. is 
6 miles South, and the departure is 17 E. — which by 
case 6 in plane sailing give the direct course S. 70 deg. 
34 m. E. and the distance 18 miles. 

PARALLEL SAILING. 

71. In parallel sailing the earth is considered a globe, 
on which the meridiajos all meet at the poles. 

* When the numbers given are too small for convenient operation, 
substitute larger ones. Thus for 13 take 130 and the subdivisions 
will be tenths. The operations should always be made as far from 
the centra angle as may be convenient'. 
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72. The distance between any two meridians contin- 
ually decreases in progressing from the equator to the 
pole, where it is nothing. 

73. In parallel sailing a ship always sails due East 
or West. 

74. It has three cases ; and in which these three 
terms are used, viz : the parallel op latitude, the 
meridian distance (being the distance sailed,) and the 
difference of longitude, any two of which may be 
given to find the other. 

CASE 1. 

75. Given — tlie difference of longitude between two 
places in the same parallel of latitude to find the 
MERIDIAN distance. 

Rule. — Set the index on the given parallel, — then 
from the difference of longitude, taken on the index, 
trace the nearest line to the equator for the meridian 
distance. 

Example. — The difference of longitude between 
two places in the parallel of 45 deg. of latitude is 140 
* miles — required the meridian distance. 

Here the index set on the given parallel 45 deg. 
the diff. of longitude \40 taken on the index gives the 
line to the equator 99 the meridian distance. 

76. By this case and rule is found the number of 
miles which make a degree of longitude in any latitude, 
by setting the index on the given latitude, — then from 
60 on the index, (beirig the miles of a degree of longi- 
tude on the equator) trace the nearest line to the equa- 
tor for the miles required, 

Example. — -How many miles make a degree of lon- 
gitude in latitude 40 deg. ? 

Here set the index on 40 deg. counting from the 
equator, — then from 60 on the index the line to the 
equator is 46, the miles required. 
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CASE 2, 

77. Given the meridian distance between luto places in the 
same parallel of latitude, to find the difference of 

LONGITUDE. 

Rule. — Set the index on the given parallel, — and the 
meridian distance taken on the equator, will give the 
difference oflongitude on the inc!ex. 

Example. — The meridian distance between two 
places in the parallel of 36 deg. oflat. is 110 miles- 
required the difference of longitude. 

Here the index set on 36 deg. of lat. 110 on the equa- 
tor gives on the index 136 the difference of longitude. 

A ship in lat. 48 deg. sails west 150 miles, what is 
her difference of longitude ? jlns. 224 miles. 

A ship in lat. 32 deg. sails east 117 miles, what is 
her difference of longitude ? jins. 138 mfles. 

A ship in lat. 10 deff. sails west 60 miles, what is her 
difference oflongitude ? Ans.61 miles. * 

A ship on the equator sails east 60 miles, what is 
her difference of longitude ? rfns. 60 miles. 

CASE 3. 

78. Given — the difference of longitude and the merid- 

ian distance, to find the parallel of latitude. 

Rule. — Set the index to meet the difference of longi- 
tude with the meridian distance, it will be on the par- 
allel of latitude. 

Example. — A ship sails east 105 miles, and her diff. 
of Ion. is 120 — required the latitude sailed in. 

Here the diffi of Ion. 120 with the meridian distance 
105 give the latitude 29 deg. 

A ship sails west 115 miles, and her diff. of Ion. is 
146, what is the latitude ? jlns. 38 deg. 

A ship sails east 1 25 miles, and her diff. of Ion. is 
203, what is the latitude ? Ans. 52 deg. 
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MIDDLE LATITUDE SAILING. 

« 791 Pn middle latitude sailing the earth is considered 
ai globe, as in parallel sailing. 

80. It is compounded of plane and of parallel sailing, 
fehe middle latitude being substituted as an artificial 
parallel, by which the departure, found by the rules in- 
phne sailing* is reduced to longitude by the rules in par- 
allel sailing. 

81- The middle latitude is the half sum of the two 
latitudes, when they are both on the same side of the 
equator ; but when the latitudes are on each side ofr 
the equator,, ft is half the difference of the two lati- 
tudes. 

82. There are seven* cases ; and in which these six 
terms are used, viz : course, distance, difference of lat- 
itude, departure, difference of. longitude, and middle 
latitude.. 

;■ CASE T. 

SX Given — the latitudes and the longitudes of two 
places to find the course and distance. 

Ride.— Set the index on the middle latitude ; and 

from the difference of longitude/ taken on the index 

trace the nearest line to the equator for the departure ; 

then the difference of latitude, and the departure wilt 

give the course and distance, as in case 6, plane sailing. 

Example.* — What is the course and distance from 
Cape Cod Light-house in lat. 42 deg. 05 N. ton. 70 # d.- 
04 W. and Mt. Desert Rock in lat. 43 deg. 52 N. and 
fori. 68 d. 09 W. ? 

Lat. 43 52> Lon. 70 04 Diff. lat. 107 N. 
42 05 68 09 



Siim 85 57 1 55— diff. of lon*=115 E. 



£ is 42. 58i mid. lat. 
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JHere the index set on the middle lat. 42 deg. 58|- 
(or 43 deg/) the diff. Ion. 115 on the index gives the 
departure 84 on the equator; then the diff. lat. 107 
and the departure 84, give the course 38-— deg. or N. 
38 deg. 12 m. E. and the distance 136 miles. 

'•■ .case 2. ; 

» i 

84. Given — berth latitudes and the departure, to find 
the course, distance, and difference of longitude. 

Rule. — Set the index to meet the difference" of lati- 
tude with the departure, it will give the course and 
distance ; then set the index on the middle latitude, 
and the departure on the equator will give the differ- 
ence of longitude on the index- 

Example. — A ship in lat. 42 deg. N. sails northeast- 
erly till her diff of lat. is 180 miles, and her departure 
104 ; required the course, distance, and the difference 
of longitude. 

Here the diff. lat. 180 and the dep. 104 giye the 
course N. 30 deg. E. and the distance 208 miles ; ^hen 
the middle lat. 43 deg. 30 m. and the departure 104 
give the diff. of Ion, 143- miles. 

CASE 3. 

85. Given — one latitude, the course and the distance, 
to find the diff. of lat. the departure, and the diff. 
of longitude. 

Rule. — The course and distance give the diff. of lat. 
and the dep. as by case 1 plane sailing ; then the mid- 
dle lat. and the dep. give the diff. of Ion. 

Example. — A ship in lat. 34 deg. N. sails N. 3~ pointg 
W. 193 miles ; required the diff. of lat. the departure, 
and the diff. of Ion. 

Here the course 3£ points and the distance 193 give 
the diff. lat. 155, and the departure 115 ; hence the 
lat. is in 36 deg. 35 m. N. and the mid. lat. is 35 deg. 18, 
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which with the departure 115 gire ttie diff. of Ion. 141. 
miles. 

CASE 4. 

86. Given— both latitudes and the course, to find th& 

DISTANCE, the DEPARTURE, and tlie D1FP. OF LON. 

Rule. — Set the index on the course, and the diff. lat 
will give the distance and the departure ; then set the 
index on the middle latitude, and the departure will 
give the diff. of Ion. 

Example. — A ship in lat. 44 deg. N. sails N. 5 points 
W. till she is in lat 46 deg. N. ; required the distance, 
the departure, and the diit of Ion. 

Here the course 5 points and. the diff. lat. 120 give 
the distance 216 miles, and the departure 170-j-; then 
• the middle lat. 45 deg. and the dep. 179— give the dif- 
ference of Ion. 254 miles. 

CASE 5. 

87. Given — both latitudes and the distance to find the 

COURSE, DEPARTURE, and DIFF. OF LONGITUDE. 

Rule. — Set the index to meet the diff of lat. with 
the distance, it will give the course and departure ; 
and the middle latitude with the departure will give 
the difference of longitude. 

Example. — A ship in lat. 28 deg. N. sails northeast- 
erly 217 miles, and is in lat. 31 deg. 04 m. N. required 
the course, departure, and difference of longitude. 

Here the distance 217 with the diff. lat. 184 give 
the course N. 32° E. and the departure 115 ; which 
with the middle lat. 29 deg. 32 m. give the diff. of lon- 
gitude 132 miles. 
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CASE 6. 

88. Given— one latitude the course and departure, to 

find the distance, dipp. lat. and diff. lon. 

Rule. — Set the index on the course, and the depart* 
ure will give the distance and diff. of lat. ; then the de- 
parture and middle latitude will give the diff. of lon. 

Example. — A ship in lat. 26 deg. N. sails N. 5 points 
W. till her departure is 172 miles; required the dis- 
tance, the diff of lat. and the diff. of lon. 

Here the course 5 points and the departure 172 give 
the distance 207, and diff. of lat. 115; and the depart- 
ure 172 with the middle lat. 26 deg. 58 m. (or 27 deg.) 
give the diff. of loa 193. 

CASE 7. 

89. Given — one lat. distance and departure, to find 

the course, diff. lat. and diff. of lon. 

Rule. — The distance and the departure will give the 
course, and diff. lat. ; and the departure and middle 
lat. will give the diff. Ion. 

Example. — A ship in lat. 42 deg. N. sails southeast- 
erly 119 miles, and her departure is 54 ; required the 
course, diff lat. and diff. Ion. 

Here the distance 119 with the departure 54 give 
the course S. 27 deg. E. and the diff. lat. 106; and the 
middle lat. 41 deg. 07 m. with the departure 54 give 
the diff. lon. 72 miles. 



MERCATORS SAILING. 

s 

90. In Mercator'a sailing the earth is considered as 
an extended plane, infinite in length, and in breadth 
equal to the earth's circumference at the equator. 

91. This projection was invented in 1566 by Gerard 
Mercator ; its object is to represent op a plane the 

4 
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true bearing or course from one place to another as it 
is on a globe. 

92. In this projection the meridians are represented 
by straight parallel lines ; by which the degrees of 
longitude in high latitudes are artificially expanded, be- 
ing the same in all latitudes as on the equator. This 
expansion is in the ratio of radius to the cosine of the 
latitude. 

93. In order therefore to represent the true course 
between two places, the degrees of latitude are also 
artificially expanded, and in the ratio of the secant of 
the latitude to radius. 

94. The parts contained in the expanded degrees of 
latitude are called meridional parts ; and the meridion- 
al difference of latitude is in the same ratio to the dif- 
ference of longitude, that the proper difierence of lati- 
tude is to the departure. 

95. To find the meridional parts by the diagram, the 
index must be set to the given latitude on the arc of 
expanded degrees, and it will cut on the arc of latitude, 
the degrees, which reduced to miles give the required 
meridional parts. * 

Example. — Required the meridional parts for 33 deg. 
of latitude. The index set to 33 deg. on the empanel- 
ed arc cuts p5 deg. on the arc of latitude, which reduc- 
ed to miles give 2100 the meridional parts for 33 deg. 

96. When whole degrees are cut on the arc of lati- 
tude, annex a cipher and multiply by 6 ; and when de- 
grees and tenths are cut, annex the tenths without a 
point of separation, and multiply by 6. Thus^ 

Deg. m deg. tenths. Met. parts. 

33 00 cuts 35 0 used as 350 mult. 6 equal 2100 

29 36 « 31 0 " 310 « 6 « 1860 

26 30 " 27 5 - " 275 * 6 a 1650 

44 00 " 49 1 " 491 "6 " 2946 

50 00 " 57 9 44 579 44 6 « 3474 

56 00 44 67 9 44 679 44 6 " 4074 
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97. In Mercator's sailing these six terms are used^ 
viz : — Course, Distance, Departure, Proper difference of 
Latitude, Meridional difference of Latitude, and Differ- 
ence of Longit ude. * 



CASE 1. 

98. Given — the latitudes and the longitudes of two pla- 
ces, to find the direct course and distance. 

Rule. — Set the index to meet the meridional differ- 
ence of latitude counted on the meridian, with the dif- 
ference of longitude, counted on the equator ; the in- 
dex will he on the course; then, the index remain- 
ing on the course, the proper difference of latitude, 
traced from the meridian, will give the distance on 
the index* 

Example.— -What is the course and distance from 
Belfast, in lat. 44° 27' N. and Ion. 69° 00' W. and Que- 
bec, in lat- 46° 48' N. and Ion. 71 0 05' W, ? This case 
repared stands thus, diff. lat. 141 miles N. mer. diflf. 
at. 202, diflLlon.125 W. 

Then the index set to meet the mer. diff. lat. 202 
with the diff Ion. 125, it will be on the course 31 9 and 
74. tenths, which will be north 31* 45' west; then the 
index remaining on the course, the proper diff of lat. 
141 gives the distance 166 geographical miles. 



1 



Example 2d. — What is the course and distance from 
Castine, in lat. 44° 24' N. Ion. 68° 46* W. and Plym- 
outh Lights in lat. 41° 59' N. and Ion. 70 o f 34' W. ? 

Answer. Course S. 28* 29* W. 
Distance 165 miles. 
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CASE 2. 

99. Given— both latitudes and the departure, to find 

the course, distance, and diff. of lon. 

Rule.- — Set the index to meet the proper difference 
of latitude with the departure, it will give the course 
and distance; then the index remaining on the course, 
the meridional difference of latitude will give the dif- 
ference of longitude. 

Example. — A ship in lat. 42 deg. 05 m. N. sails north- 
easterly till she is in lat. 43 deg. 52 m. N. and the de- 
parture is 84 miles ; required tne course, distance, and 
diff. longitude. This case prepared stands thus, the 
proper diff lat. 107, dep. 84, and mer. diff. lat. 147. 

Then the proper din. lat. 107 with the departure 
84, give the course N. 38 deg. 08 m. E. and the dis- 
tance 136 ; and the mer. diff. lat. 147 with the course, 
give the difference of longitude 115 miles. 

CASE 3. 

100. Given— one latitude, the course, and distance, to 

find the diff. of lat. and diff. of. lon. 

JRuU. — Set the index on the course and the distance 
will give the diff. lat. by which the other latitude may 
be known ; then the index remaining on the course, 
the meridional difference of latitude, will give the dif- 
ference of longitude. 

Example. — A ship in lat. 40 deg. N. sails N» 42 deg. 
E. 187 miles ; required the diff. lat. and the diff. Ion. 

Here the course 42 deg. and the distance 187 give 
the diff. lat. 139, which added to the lat. left gives 
42 deg. 19 ml the lat. in — Hence the mer. diff. lat. is 
184, which with the course 42 deg. gives the diff. Ion. 
166 miles. 
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CASE 4. 

101. Given — both latitudes and the course to find the 

distance and the diff. of lon. 

■ 

Rule. — Set the index on the course, and the diff. lat. 
will give the distance ; then the index remaining on the 
course the mer. diff of lat will give the diff. of lon. 

Example. — A ship in lat. 44 deg. sails S. 3 points W. 
till she is in lat. 41 deg. 22 m. N. ; required the dis- 
tance, and the diff of lon. This case prepared stands, 
diff lat. 158, mer. diff. lat 215. 

Then the course 3 points, with the diff. of lat. 158 
give the distance 190, and the mer. diff. lat. 215 with 
the course 3 points give the diff. of lon. 144 milfcs. 



CASE 5. 

102. Given — both latitudes and the distance, to find the 
course and difference of longitude. 

i 

Rule. — Set the index to meet the distance with the 
difference of latitude, — it will be on the course ; — and 
the index remaining on the course, the meridional dif- 
ference of latititude will give the difference of longi- 
tude. 

Example. — A ship in lat. 34 deg. N. sails northwes- 
terly 220 miles, ana is in lat. 36 deg. 51 m. N. requir- 
ed the course and the difference of longitude. 

Here the distance 220 with the diff lat 171 give 
the course N. 39 deg. W. which with the mer. diff. 
lat 210 give the diff of longitude 170 miles. 
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CASE 6. 

103* Given — one latitude, the course and departure, 
to find the distance, difference of latitude and 

DIFFERENCE OF LONGITUDE. 

Rule. — Set the index on the course, and the depart- 
ure will give the distance and the difference of lati- 
tude ; and the index remaining on the course, the me- 
ridional difference of latitude will give the difference 
of longitude. 

Example.— A ship in latitude 24 deg. S. sails S. 2^- 
points W- till her departure is 116 miles; reauired the 
distance, the diff. of latitude, and the diff. of longitude. 

Here the course 2^- points, and the departure 116 
Ve the distance 246, and the diff. of latitude 217 — 
nee the lat. in is 27 deg. 37 m. and the mer. diff. of 
Eat. is 241, which with the course 2i points give the 
diff. Ion. 129 miles. 



he 



CASE 7. 

104. Given — one latitude, the distance and departure, 
to find the course, difference of latitude and differ- 
ence OF LONGITUDE. 

Rule. — Set the index to meet the distance with the 
departure, it will give the course, and difference of lat- 
itude ; and the course and mer. diff. of latitude will 
give the difference of longitude. 

Example. — A ship in lat. 16 deg. south sails north- 
westerly 297 miles, and her departure is 210; required 
the course, the diff. of lat. and the diff. of longitude* 

Here the distance 297 o with the departure 210 give 
the course N. 4 pts. W. and the diff. of latitude 210 ; 
hence the latitude in is 12 deg. 30 m. S. and the mer. 
difference, of latitude is 217, which with the course 4 
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points give the diff. of longitude also 217 $ and which 
proves what is said in 94, that the mer. diff". of latitude \ 
t8 to the diff. of longitude as the proper iiff. of latitude 
is to the departure. 

CASE a 

105. Given — one latitude, the course and the differ- 
ence op longitude, to find the distance and the diff, 

OF LATITUDE. 

Rule. — Set the index on the course, and the differ- 
ence of longitude will give the meridional difference of 
latitude, by which the proper difference of latitude 
may be known, and which with the course will give 
the distance. 

Example. — A ship in lat 42 deg. N> sails N. 38 
deg. E. and her diff* of longitude is 125 miles ; require 
ed the distance, and diff ol latitude. 

Here the course 38 deg. with the diff. Ion. 125 give 
the mer. diff. of lat 160; hence the proper diff. of lat 
is 117, which with the course gives th$ distance 149 
miles. 

Lat left 42 deg. equal 2782 mer. parts. 
Add. mer. lat 160 



2942=43° 57* the lat in. 

106. To find by the diagram the value of any given 
meridional parts in degrees of lat.— divide them by 60, 
which reduces them to degrees and minutes ; then set 
the index on the arc of latitude, to the degrees found, 
and it will cut on the expanded arc, the true degrees of 
latitude apswering to the meridional parts given. 

Example. — What is the latitude for 2100 meridion- 
al parts r Here 2100 divided by 60 gives 35 deg. to 
which set the index on the proper arc of latitude, and 
it will cut on the expanded arc 33 deg. being the lati- 
tude for 2100 meridional, parts. It is seen that this 
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operation is the reverse of that by which the merid- 
ional parts are found for any given latitude, as shewn 
in No. 95, page 26. ; 

t 

CORRECTING THE DEAD RECKOMSG. 

• 

107. If the courses and distances which a vessel 
is supposed to sail were uniformly true, the difference 
of latitude by account would always agree with that 
from an observation of the heavenly bodies. But dur- 
ing a voyage it happens frequently that the latitude in 
by account differs from that by observation. 

108. This difference arrises from an error in the 
course, or in the distance, and often in both. 

109. When the course is more toward the meridian 
than the equator, the difference in the latitudes it is 
supposed arises from an error in the distance, rather 
than in the course. 

110. But if the course is more toward the equator 
than the meridian, it is presumed the difference in the 
latitude arises from an error in the course rather than 
in the distance. 

111. Various methods have been proposed to rectify 
these errors ; but the most eminent mathematicians 
agree in this conclusion, — that, if after a careful re-ex- 
amination of the incidents which affect the course and 
distance, there should still exist a difference between 
the latitude by account, and that by observation, the 
course and the distance should be corrected by the dif- 
ference of latitude from observation, with the depart- 
ure from account — leaving the departure by account 
unaltered. 

112. Example. — A ship in lat. 44 deg. N. and Ion. 
60 deg. W. is supposed to sail N. 22 deg. 30 m. E. 
(N. N. E.") 264 miles, by which her diff. lat. would be 
244 and ner departure 101 — and she would thereby 
be in lat. 48 deg. 04 m. N. and in Ion. 57 deg. 35 m. W. ; 
but by an observation of the sun, the ship is found to 

« 
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be in lat. 47 deg. 40 m. N. what correction must be 
made to the course and distance ? Here the diff. lat. 
by observation is 220, which with the departure 101, 
give the corrected course N. 24 deg. 39 m. E. and the 
distance 242 miles. As the mid. lat. is not materially 
changed, the longitude remains the same. 

113. Example. — A ship in lat. 44 deg. N. and Ion. 
60 deg. W. is supposed to sail N. 67-i deg. E. (E.N.E.) 
264 miles, by which her diff. of lat. would be 101 and 
her departure 244 — and thereby she would be in lat. 

45 deg. 51 m. N. and Ion. 56 deg. 10 m. W. ; but by 
an observation of the 'sun the ship is found to be in lat. 

46 deg. 15 m. N. ; required the correction to be made 
to the course and distance. Here the diff. of lat. by 
observation is 135 miles, which with the departure 
244 give the corrected course 61 deg. 03 m. and the 
distance 279 ; and the middle lat. not being much al- 
tered, the longitude remains the same. 

QUESTIONS FOR PRACTICE. 

114. What is the course and distance from Nantuck- 
et light-house in lat 41 deg. 22 m. N. Ion. 70 deg. 00 m. 
W. and Cape Sable in lat. 43 deg. 26 m. N. and Ion. 
65 deg. 32. W. ? Ans. course N. 57° 55' E. 

distance 219-J- miles. 
For the method of operation see Rule in Case 1, 
Middle Latitude Sailing, No. 83 ; and Case 1st, Merca- 
tor's Sailing No. 98. 

115. A ship from Portland in lat. 43 deg. 39 min. N. 
Ion. 70 deg. 13 min. W. sails S. E. 256 miles ;*what lat- 
itude and longitude is she in ? 

Jlns. in latitude 40° 38' K 
long. 66« 09' W. 

See No. 85, and No. 100. 

5 
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116. A ship leaves Boon Island in lat. 43 deg. 6 m. 
N. and Ion. 70 deg. 31 naW. and sails E. S. E. till her , 
departure is 145 miles ; what distance has she sailed, 
ana what latitude and longitude is she in ? 

Ans. dist. sailed 157 miles, 
lat. in 42° 06> N. 
See 88 and 103. Ion. in 66 56 W. 

117. A ship leaving Boston light house in lat. 42 deg. 
20 ro. N. and Ion. 70 deg. 54 m. W. sails E. by S f§. 
and by observation it is found she is in lat. 40 deg. 59 
m. N. what distance has she sailed ; and what longitude 
is she in ? Ans. distance sailed 279 miles. 

Ion. in 64° 57' W. 

See No. 86 and 101. 

118. A ship from Isle of Holt in lat. 44 deg. north 
and Ion. 68 deg. 31 m. W. sails southeasterly 224 miles 
and is in lat. 41 deg. 00 m. N. what course has she steer- 
ed, and what Ion. is she in ? 

Ans. course steered S. E. £ S. 
Ion. in 65° 29' W. 

See No. 87 and 102. 

. 119. "A ship bound to Philadelphia is in lat. 40 deg. 
00 min. N. and in Ion. 69 deg. W. what is her course 
and distance to Cape May in lat. 38 deg. 57 min. N. 
and Ion. 74 deg. 57' W. ? 

.: . > Ans. course S. 77° 04' W. 

• , , distance 28 li- miles. 

0 * 

120. A ship bound to Boston, and coming into the 
Bay, discovers Mount Desert Rock, which bears 
W.N.W. the true course, and distant 18 miles ; Mount 
Desert Rock is in lat. 43 deg. 52 min. N. and Ion. 68 
deg. 09' W. what lat. and Ion. is the ship in, an$ what is 
her course and distance to Boston light-house which is 
in Tat. 42 deg. 20 min. N. and Ion. 70 deg. 54 min. W. ? 

Ans. the ship is "in lat. 43° 45' N. long. 67° 45' W. 
the course is S. 58° 28' W. distance 162^ miles. 
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121. Two ships leave the same port at the same 
time ; one sails East at the rate of six miles per hour, 
the other sails E. N. E. Ten hours after sailing the 
latter bears from the former due north. How far are 
the ships apart, and what distance has each sailed. 

Set the index on 6 points (E. N. E.) and the ship 
sailing east having run 60 miles in 10 hours ; therefore 
60 on the side marked equator will give on the index 
65, which is the distance the other ship has sailed, 
from which the nearest line to the side marked merid- 
ian gives 25 miles the distance between the ships. 

122. /Two ships in lat. 44 deg. 30 m. north are 216 
miles apart ; they both sail due south at equal rates. 
When they are in lat 32 deg. 18 m. N. what will be 
the distance between them ? 

Set the jndex on lat. 44 deg. 30 m. and 216 on the 
side marked equator will.give on the index 303 ; then 
set the index on the other lat. 32 deg. 18 m. and 303 
on the index will give on the side marked equator 256 
miles, being the distance between the two ships in lat, 
32 deg. 18 m. N. 

i 

CURRENTS. 



123. A current is a stream in the ocean, by which 
all bodies on its surface, within the limits of the cur* 
rent, are drifted toward that part of the horizon to 
which the current sets. 

124. When a ship is affected by a current, the di- 
rection, or set of the current is entered in the traverse 
table as a coutse sailed ; and the rate, or drift of the 
current is made up as a distance sailed. 

125. On such course and distance the diff. lat. and 
departure are calculated, as on a course and distance 
sailed. . ]2xam,ple. — A ship sailing N. E. at the rate of 

ii milfN npr hour for 10 hoiirfu it m ascertain*}*] that a 
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current, during that time, has set 3* E- sit the rate of 2 
miles per hour- What is the direct course, and dis- 
tance sailed for the 10 hours ? 



TRAVERSE TABLE. 



Course, 

N. E. 
S. E. 



Distance. 
60 
20 



less 



Diff. 

IN. 

42.4 
0.0 

42.4 
14.1 



s. 

0.0 
14.1 



Departu re. 
E. W. 

42.4 0 
14.1 0 

56?5 E. 



28.3 N. 

Here by the traverse table the diff. lat. k 28. 3 N. 
and the departure is 56. 5 E. which by case 6, plane 
sailing, give the direct course N. 63 deg. 24 m. E. and 
the distance 63 miles. 

126. A Table of the degrees and minutes correspon- 
ding to the points and quarter points of the compass ; 
being the angle which said points form with the me- 
ridian. 



Points. 


o 1 


i 1 T 


1 4 


0 


.... 


2° 49' 


5° 37' 


8*26' 


1 


11° 15' 


14 04 


16 52 


19 41 


2 


22 30 


25 19 


28 07 


30 56 


3 


33 45 


36 34 


39 22 


42 11 


4 


45 00 


47 49 


50 37 


53 26 


5 


56 15 


59 04 


61 52 


64 41 


6 


67 30 


70 19 


73 07 


75 56 


7- 


78 45 


81 34 


84 22 


87 11 


■« 8 


90 00 


• 

• • • • 
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Determining the Latitude by Observation, 

127. The latitude of a place may be determined by 
an observation of the altitude of the sun, moon or stars. 

128. The most convenient and common method of 
determining the latitude at sea is by taking, with a 
quadrant, the merjdian altitude of the sun. 

129. The apparent altitude of the sun, and also that 
of the moon, requires four corrections, viz : — for semi- 
diameter, dip of the horizon, parallax, and refraction. 

130. To the apparent meridian altitude of the sun's 
lower limb, taken by a fore-obsersation from the deck 
of a common vessel, it is usual to add 12 for the cor- 
rection for the semidiameter, dip, and parallax ; then 
the refraction being subtracted, the remainder is the 
true altitude, and which being taken from 90 deg. will 
give the sun's zenith distance. 

131. If the sun bears south, the zenith distance is 
called north — if it bear north, it is called south. 

132. If the sun's declination be of the same name as 
the zenith distance, add them together, and their sum 
is the latitude of the place of observation ; but if they 
be of different names, that is one north and the other 
south, take the less from the greater, and their differ* 
ence is the latitude, and of the same name with the 
greater. 

133. The sun'p declination is given in the nautical 
Almanac for every day at noon, at Greenwich. If the 
longitude of the ship be great from Greenwich, the 
declination must be corrected for the longitude the 
ship is in. This correction is too apt to be neglected 
by some navigators, and the neglect in some cases may 
occasion an error of some miles in the latitude observed. 
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SECTION SECOND. 



134. The preceding section contains all the heces- 
sary rules and examples to enable a person of the most 
common capacity to keep the reckoning of a vessel by 
the diagram. 

In this second section I propose to give some geo- 
metrical definitions, to shew the application of the dia- 
gram of navigation to right-angled plane trigonometry ; 
to which will be added some easy theorems, from which 
are derived the solutions for calculating the usual prob- 
lems of navigation by logarithms, which will be illus- 
trated by examples ; and the usual method of making 
up the reckoning by inspection from the calculated ta- 
bles will be shewn. • 

Geometrical Definitions. 

135. Geometry treats of magnitude or extension, in 
regard to its three dimensions length, breadth, and depth 
or thickness. < 

136. Extension in length only is represented by a 
line. * 

137. Extension in length and 'breadth is represent* 
ed by a surface. r 

138. Extension in length, breadth and depth is rep* 
resented by a solid, commonly called a body. 

139. There cannot properly be any extension with- 
out the three dimensions, length, breadth and depth ; 
nevertheless length may be considered without regard 
to breadth and depth, and length and breadth together 
may be considered without regard to depth* . - 
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140. Therefore a point may be considered without 
regard to length, breadth or depth ; and it represents 
any assignable place or position, as the extremities, and 
the divisions ot lines. 

141. That part of geometry which treats of 
extension in length is called longimetry ; that part 
which treats of length and breadth, or surfaces, ia cal- 
led planimetry ; and that part which treats of solid 
bodies is called stereometry, 

142. There are two sorts of lines, right and curve. 
A right, or straight line is the nearest distance be- 
tween two points ; and but one straight line can be 
drawn between two points. 

143. A curve line continually changes its direction, 
and an infinite number of curve lines may be drawn be- 
tween two points. 

144. Lines to each other are parallel, oblique, per- 
pendicular and tangential 

145. Parallel lines are in the same direction, and be- 
ing infinitely produced would never meet. 

146. Obliqm lines are in different directions, and they 
meet when produced on the side of their nearest dis- 
tance. 

147. Perpendicular lines meet without inclining 
more to one side than to the other. 

148. A right line is tangential to a curve line, when 
the right line meets and touches the curve line, but 
if produced would not cross it. 

149« When two lines meet at the same point, the 
•pace comprised between them is called an angle ; and 
the point of intersection is called the angular point, or 
the summit, or vertex of the angle ; and it always rep- 
resents the centre of a circle. 

150. The direction of the lines give the value of the 
angle, which is measured on the arc of a circle des- 
cribed about the angular point. 

151. If two right lines cross each other in any direc- 
tion, four angles are formed, which together are equal 
to 360°, and the angles which are opposite are equal. 
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152. Figure in general is a space enclosed by lines 
upon all sides. 

153. The least number of right lines which can in- 
clude a space are three. 

v 154. A figure of three sides is called a triangle* 
155. A figure of four sides is called a quadrilateral 
146. Figures of more than four sides are in general 
called polygons. 

157. II three points be placed in any position, not in 
a straight line, and these points be connected by straight 
lines, a plane triangle is formed. 

158. A circle is a plane round figure, bounded by a 
uniform curve line. 

159. Geometers also consider a circle as a polygon, 
whose sides are infinite. 

160. From definitions 153, 154 and 159 it follows 
that the triangle, and the circle are extreme figures ; the 
one having the least number of sides possible, and the 
other the greatest possible number. By which it would 
seem that their properties and their uses would be 
very remote ; which however is not the case ; for the . 
properties of the one can hardly be shewn but by those 
of the other.* 

161. The circumference of a circle is the uniform 
curve line which encloses the space called the circle. 
The circumference is also called the circle. 

162. The centre of a circle is a point within the cir- 
cle, equally distant from all parts of the circumference. 

163. The circumference may be divided into any 
number of equal parts. For the purposes of astrono- 
my, navigation ana surveying, geometers divide the cir- 
cle into 360 equal parts called degrees — each degree is 
subdivided into 60 minutes — each minute into 60 seconds' 
—each second into 60 thirds, and so on. 

164. The radius of a circle is a right line drawn 
from the centre to the circumference ; and is half the 
diameter. 

165. The diameter of a circle is a right line drawn 
from one point in the circumference to the opposite 

# Deparcicux. 
6 
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point through the centre, and is equal to twice the 
radius. 

166. An arc is any portion of the circumference, and 
is the measure of the angle comprised by two radii, 
drawn from the centre, one to each extremity of the arc 

167. The complement of an arc, or angle is what the 
arc or angle wants of a quadrant, or quarter circle, and 
it is known by subtracting the arc or angle from 90 deg. 

168. The supplement of an arc or angle is what the 
arc or angle wants of a semicircle, and is known by sub- 
tracting the arc or angle from 180 degrees. 

169. The chord of an arc is a right line drawn from 
one extremity of the arc to the other. 

170. The sine of an arc or angle is a right line drawn 
from one extremity of the arc, perpendicularly upon 
the radius, or diameter which is drawn to the otner 
extremity of the same arc. 

171. 'the co-sine of an arc or angle is the sine of the 
Complement of that arc or angle — thus the cosine of 
29 degrees is the sine of 61 degrees. The co-sine is 
equal to that part of the radius contained between the; 
angular point and the foot of the sine. 

172. The versed sine of an arc or angle is that part 
of the radius which is contained between the foot of 
the sine and the extremtiy of the arc. Therefore the 
cosine and versed sine are equal to radius. 

173. The tangent of an arc or angle is a right line 
drawn perpendicularly from the extremity of the radi- 
us, which meets one extremity of the arc. The tan- 
gent is terminated by the secant of the same arc or 
angle. 

174. The secant of an arc or angle is a right line 
drawn from the centre through one extremity of the 
arc, till it meets the tangent of the same arc or angle 
drawn from the other extremity of the same arc or 
angle. By the two last definitions it is seen that the 
tangent and the secant terminate each other. 

1 75. The co-tangent of an arc or angle is the tan- 
gent of the complement of that arc or angle. 
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176. The co-secant of an arc or angle is the secant 
of the complement of that arc or angle. 

177. A semicircle is half a circle or 180 deg. 

178. A quadrant is a quarter circle or 90 deg. 

179. A sextant is the sixth part of a circle or 60 deg, 

180. An octant is the eighth part of a circle or 45 
deg. 

181. A segment is any part of the circle bounded by 
an arc and its chord. 

182. A sector is an arc bounded by two radii. 

183. An angle is the space comprised by the meet- 
ing of two lines which are not in the same direction.— 
See No. 149. 

184. All angles are right or oblique. 

185. A right angle is formed by two lines perpen- 
dicular to each other, and contains 90 deg. 

186. An oblique angle is greater, or less than a 
right angle or 90 deg. — if greater it is called obtuse — if 
less it is called acute. 

187. As great use is made of the chords, sines, tan- 
gents and secants, it may aid the learner to refer to the 
diagram to ascertain the positions of these important 
properties of the circle. 

188. On the diagram of navigation at the division of 
100 as a radius, is a fine dotted curve line, which rep 
resents the arc or angle of 90 deg. If a line be drawn' 
within this arc from one end of it to the other, that 
line will be a chord to the arc of 90 deg. and a line 
drawn from one end of this arc to any point of it will 
be a chord to that section of it which it subtends. — 
On the side marked meridian, and between the divis- 
ions 87 and 88 is a fine dotted straight line, which ex- 
tends to the dotted curve line, and intersects it at the 
angle of 29 deg. to which set the index; the straight 
dotted line represents the sine of 29 deg. which being 

fmrallel to the side marked equator, its value is there 
bund to be 43i, which is the length or ratio of the 
sine of 29 deg. to the radius of 100. The other dot- 
ted straight Tine which leads from the same point of 

■ 
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intersection at the angle 29 deg. and to the side mar- 
ked equator represents the co*sine of 29 deg. which 
being parallel to the side marked meridian its value is 
there given 87-i, which is the length, or ratio of the 
co-sine of 29 deg. to the radios of 100. If the length 
of the radius be increased, or diminished, the length of 
the sine and the co-sine will in like ratio be increased 
or diminished ; for if the radius be 200 on the index, 
the sine of 29 deg. will be 97, and the co-sine will be 
175. In this example the side marked meridian is us- 
ed as base. Now take the side marked equator as 
base, and count the degrees fronwight to left ; the in- 
dex will be on 61 deg. — and it is seen that the co-sine . 
•of 29 deg. becomes the sine of 61 deg. and the sine of 
29 deg. becomes the co-sine of 61 deg. 

189. The line drawn perpendicular from the radius 
100, at one end of the arc of 29 deg. is its tangent, 
which is terminated by the secant drawn through the 
other end of the same arc, which secant is represented 
by the graduated edge of the index, and its value is found 
on the index, if set on 29 deg. to be 114 nearly; and 
the tangent being parallel to the side marked equator, 
is there found to be 55^- nearly. 

190. As the angle increases, the sine, tangent, and 
secant will also increase ; but the co-sine, co-tangent 
•and co-secant will decrease. Example. — Set the grad- 
uated edge of the index to the side marked equator 
on 0. Let the radius be 100 — of 0 the sine and the 
tangent will be negative, the co-sine and secant will be 
equal to the radius, and the co-tangent and the co- 
secant will be infinite. Now set the index on 8 deg. 
the sine will be 14 nearly, the tangent 14 nearly, and 
the secant 101 ; but the co-sine will be only 99. Then 
set the index on the angle 18 deg. and with the same 
radius of 100, the sine will be 31, the tangent 32f, and 
the secant 105 ; but the co-sine will be only 94^. — 
Now set the index on 45 deg. and to the same radius 
of 100, the sine and co-sine are each 70 . 7, the tangent 
and co-tangent are each 100, and the secant and co- 
secant are each 141. 



Digitized by Google 



45 

191. In all circles, great or small, the sine of 90 deg. 
(called the sine total,) the tangent of 45 deg. the chord 
of 60 deg. and half the secant of 60 deg. are each 
equal to the radius which describes the circle. 

192. The chord, sine, tangent, and secant of an arc 
in one circle is to the chord, sine, tangent, and secant of 
the same arc in another circle, as the radius of circle one 
is to the radius of the other. 

193. In any plane triangle, the sides are proportion- 
al to the sines of their opposite angles. 

194. In any right-angled triangle, the square of the 
longest side is equal to the sum of the squares of the 
other two sides. 

195. In all plane triangles the sum of the three an- 
gles is equal to two right angles, or 180 deg. 

196. The longest side bf any triangle is opposite the 
greatest angle. 

197. An angle in a semicircle is a right angle. 

198. An angle in a segment less than a semicircle is 
greater than a right angle. 

199. An angle in a segment greater than a semicir- 
cle is less than a right angle. 

200. An angle at the circumference of a circle is 
half the angle at the centre, standing on the same arc ; 
and it is measured by half the arc it subtends. 

• 

TRIGONOMETRY. 

9 

*■ ft 

201. Trigonometry is the application of the proper- 
ties of the circle to ascertain the unknown parts of * 
triangles, some of the parts being given ; and it is spher- 
ic, or plane; 

202. In spheric trigonometry the sides of triangles 
are formed by the intersection of the arcs of three 
great circles. 

203. In plane trigonometry the sides of triangles are 
formed btf the meeting of three straight lines ; and it 
is divided into right angled, and oblique angled 
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204. In ri^ht-angled plane trigonometry, one of the 
angles is a right angle. 

205. In oblique angled plane trigonometry all the an- 
gles are oblique. 

206. Every plane triangle has six parts, viz. three 
sides and three angles ; three of the parts must be giv- 
en to find the other three ; and one of the given parts 
must be a side. 

207. If in a right-angled plane triangle one of the 
acute angles be given, alj the angles are given — for the 
given acute angle being subtracted from 90 deg. the 
remainder will be the other acute angle ; and the third 
angle is a right angle, or 90 deg. 

208. Either side of a right-angled plane triangle may 
be made radius. 

209. The longest side is called hypothenuse, the other 
sides are called legs, one base, the other perpendicular. 



.Application of the Diagram of Navigation to right-an- 
gled plane Trigonometry. 

210. Theorem. — In any right-angled plane triangle, if 
the hypothenuse be made radius, one leg will be the 
sign of its opposite angle, and the other leg the co-sine 
of the same angle ; but if either leg be made radius, 
the other leg will be the tangent of its opposite angle, 
and the hypothenuse will be the secant of the same 
angle. 

211. Given a right-angled plane triangle, of which 
the hypothenuse is 217, tne base 184, and the perpen- 
dicular 115 — the angle opposite the leg 115 is 32 deg. 
and the angle opposite the leg 184 is 58 deg. — the an- 
gle opposite the hypothenuse being the right angle, or 
90 deg. Let the hyp. 217 be made radius, and set the 
index on 32 deg. it is seen that the leg 115 is the sine of 
its opposite angle 32 deg. and that the leg 184 is the 
cosine of the same angle. 
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Then let the leg 184 be radius, and set the index on 
the angle 32 deg. it is seen that the other leg 115 is the 
tangent of its opposite angle 32 deg, and that the hyp. 
217 is the secant of the same angle. 

Now let the leg. 115 be made radius, and set the in- 
dex on the angle 58 deg. it is seen that the other leg 
184 is the tangent of its opposite angle 58 deg. and that 
the hyp. 217 is the secant of the same angle. 

From the foregoing theorem we have the following 
cases in right-angled plane trigonometry. 



CASE 1. 

212. Given the hyp. 112 as radius, and a contiguous 
angle 30 deg. to find the legs. Set the index on the 
given angle 30 deg. and theliyp. 112 on the index will 
give the leg 56, being the sine of the angle 30 deg. and 
the leg 97 being the co-sine of the same angle. 



CASE 2 & 3. 

213. Given as radius one leg 78 and its opposite an- 
gle 26 deg. to find the other leg and the hypothenuse. 
The index set on the other acute angle 64 deg. the leg 
78 as radius will give the other leg 160 as tangent — 
being opposite the angle 64 deg. and the hyp. 178 be- 
ing the secant of the same angle. 



CASE 4 & 5. 

214. Given the hyp. 154 and one leg 1 18 as radius, to 
find the angles and tne other leg. Set the index so that 
the hyp. 154 will meet the leg 118 as radius, it will be 
on the angle 40 deg. which is opposite the other leg 
99 as tangent ; then 40 deg. from 90 deg. gives the 
other acute angle 50 deg. 

215. Given the legs 211 and 81, to find the angle?? 
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and the hypothenuse* Let the leg 211 be radius, and 
set the index to meet the other leg 81 as tangent — it 
will give the opposite angle 21 deg. and the hyp. 226 
as secant of the same angle ; and the other acute angle 
is 69 deg. 



Problems which may be performed by the Diagram bf 

Navigation. 

216. Given the perimeter, or the sum of the four 
sides of a square, to find the diagonal. 



Rule. — Set the index on 45 deg. the length of a side 
of the square taken on either side of the diagram, will 
giye the diagonal on the index. 

Example.— The perimeter of a square is 300 — what 
is the diagonal ? 

Here \ o£ 300 is 75, the side of the square — then^ 
the index set on 45 deg. 75 from either siae of the di- 
agram, will give on the index the diagonal 106. 

217. Given the sides oi a rectangle to find the diag- 
onal. 

Rule. — Set the index to meet the two sides — and 
they will give on the index the diagonal. ' 

Example. — The two sides of a rectangle arc 158 and 
84, what is the diagonal ? 

Here the index set to meet 158 with 84 will give on 
the index 179 the diagonal. - 

218. Given the hypothenuse and the sum of the legs, 
to find each leg and tne angles. 



- v 
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Rule* — Set the index so that on it the hyp. shall 
meet twd numbers equal to the given sum of the legs — • 
those numbers will be the legs, and the index will be 
on one of the acute angles. 

Example. — Of a right-angled plane triangle the hyp* 
Is 50 and the sum of the legs is 70 ; required each leg 
and the angles; 

Here the hyp. 50, on the index will meet 40 an3 30 
the legs, and tne index will be on 37 deg. one of the 
acute angles — hence the other is 53 deg. - 

219. Given one of the legs, and the sum of the hyp, 
and the other leg, to find these sides separately and 
the angles. 

• / . - ... 

Rule.— Set the index so that the sum of the hyp. 

and leg sought shall meet the given leg ; the two sides 

will be separately given, and th« index will be on one 

of the acute angles. ' % 

■4 

Example* — Of a right-angled plane triangle one of 
the legs is 30, and the sum of the other leg and hyp. 
is 90 ; what are these sides separately, and the an- 
gles ? 

Here the given leg 30 will give the Jiyp. 50, and the 
other leg 40 and the acute angles 37 deg. and Si 
deg. < 

■ 

220. Given one of the legs and the difference be*, 
tween the hyp. and the other leg f to find these sides 
separately, and the angles. 

7 
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Rule. — Set the index to meet the giren leg, with the 
other leg equal to the hyp. less bj the given differ- 
ence ; each side will be separately given and also the 
acute angles. 

Example. — Of a right-angled plane triangle one leg it 
30, and the difference between the hyp. and the other 
leg is 10 ; what are these sides separately, and the an- 
gles? 

Here the leg 30, with the other leg equal to the 
hyp. less 10, , will give that leg 40, and the hyp. 50, 
and the acute angles 37 and 53 dcg. 



221. Given the diagonal of a rectangle, and the sum 
of the sides, to find the sides. 

Rule. — Set the index to meet the diagonal with two 
numbers equal to the given sum of the T sides ; these 
sides will be separately given. 

Example. — The diagonal of a rectangle is 148, and 
the sum of the sides is 209 ; what is each side ? 

Here the diagonal 148 will meet 110 and 99, the 
sides required. 



Theorems in right-angled plane trigonometry, from which 
are derived the solutions for calculating the problems 
in navigation, by logarithms. 

» * 

222. Theorem. — In a right-angled plane triangle, if 
one side as radius be equal to the distance sailed, and 
a contiguous angle be equal to the course, the side 
adjacent to this angle will be equal to the difference of 
latitude, being the co-sine of said angle ; and the side 
opposite will be equal to the departure, being the sine 
of the same angle. Hence these solutions in the first 
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case of plane sailing. As radius is to the distance, so 
is the co-sine of the course to the difference of lati- 
, tude ; and as radius is to the distance, so is the sine of 
the course to the departure. 

- 

Example. — Given the course 3 points, and distance 
243 miles ; what is the diff. lat. and departure ? 



As rad. , 90* 10.00000 

Is todist. 243 2.33561 

So is oo-sine course 3 pts. 9.91985 

To diff lat. 202 2.30546 



And as rad. 90* 10.00000 
Is to dist. 243 2.38561 

So is sine course 3 pts. 9.74474 

To departure 135 2.13035 

By inspection. In the table of triangles look under 
*he course 3 pts. and opposite the distance 243 stands 
202 the diff. lat. and 135 the departure. 



• 223. Theorem* — In a right-angled plane triangle, if 
one side as radius be equal to the difference of latitude, 
and a contiguous angle be equal to the course ; the 
side adjacent to this angle will be equal to the distance, 
being the secant of said angle ; and the side opposite 
will be equal to the departure, being the tangent of 
said angle. Hence these solutions in the 2d case of 
plane sailing: 

As rad. is to diff. lat. so is the secant of the course 
to the distance ; and as rad. is to diff. lat. so is the tan* 
gent of course to the departure. 
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Example. — Given the diff. lat. 143 and the course 3^ 
ints ; what is the distance and departure ? r 



As rad. 

Is to diff. lat. 

So is sec. course 

To distance 



45* 10.00000 

143 2.15534 
3}pts. ' 10.09517 



178 



2.25051 



And as rad. 
Is to diff. lat. 
So is tan. course 



45° 10.00000 
143 2.15534 
3} pts. 9.37020 



To the departure 106 



2.02554 



• By inspection. Under the course 3-~pts. and against^ 
the "diff lat. 143, stands the dist. 170 and the dep. 106. 



224. Theorem, — In a right-angled plane triangle, if 
one side as radius be equal to the departure, and a 
contiguous angle be equal to the complement of the 
course, the side adjacent to this angle will be equal to 
the distance, . being the secant of said angle, and the 
side opposite said angle will be equal to the difference 
of latitude, being the tangent of the said angle. Hence 
jhese solutions in the 3d case of plane sailing : 

As rad. is to the dep. so is the co-secant of the 
course to the distance ; and as rad. is to the dep. so is 
the co-tangent 0/ the course to the diff. lat. The co- 
secant and the co-tangent of the course, are the same 
as the secant^ and the tangent of the complement of 
the course. 
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Example.— Given the course 2£ pts. and the dep. » , • 
}16; what is the distance, and the <liff. lat. ? 

* * 

* 

As rad. ' 45 # 10.00000 

Is to dep. 116 2.06446 

So is co-sec. of course 2{-pts. 10.32661 

. : — > 

To distance - 246 2.39107* 

And as rad. 45* 10.00000 

Is to dep. 116 2.06446 

So is co-taa of course 2f pts. 10.27204 

To diff. lat. 217 2.33650 

225. Theorem. — In a right-angled plane triangle if 
the hypothenuse as radius be equal to the* distance, and 
pBc of the legs be equal to the difference of latitude, 
being the co-sine of the course, the angle formed by 
these sides will be equal to the course, and the side 
opposite this angle will Ije equal to the departure, being 
the sine of the course. Hence these solutions in the 
4th case of plane sailing : 

As the dist. is to rad. so is the diff. lat. to the co-sine 



|37 ; wnat is the course and departure ? 

As distance 212 2.32634 

Is to rad. 90° 10.00000 

So is diff. lat 187 2.27184 



1 




A 


III 


I. 



To the co-sine of course 2\ pts. 9.94550 

r 

And as rad. 90 • 10.00000 

Is td dist. 212 2.32634 

So is sine of course 2£ pts. 9.67339 

departure 100 1.99973 



V 
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By inspection. In the table the distance 212 with 
,the diff. lat. 187, will give the course 2~ pts. and the 
dep. 100 mileg. ,< 

226. Theorem. — In a right-angled plane triangle if 
the hypothenuse as radius be equal to the distance and 
one-pf the legs be equal to the departure, — the an- 
gle formed by these sides will be equal to the comple- 
ment of the course, and the side opposite this angle 
will be equal to the difference of latitude. Hence 
these solutions in the 5th case of plane sailing : 

As diet, is to rad. so is dep. to sine of the course ; 
and as rad. is to distance, so is the co-sine of course t© 
diff. lat. 

Example. — Given the distance 104 miles and dep. 
64 ; what is the course and diff. lat ? 

As distance 104 2.01703 

Is to rad. 90* 10.00000 

So is departure 64 1.80018 

To the sine of course 38* ) 9.78915 
or 3^ points nearly. ) 

And as rad. 90<> 10.00000 

Is to the distance 104 2.01703 
So is the co-sine course 38° ) 9.89653 

or 3^ points nearly £ '' — * 

To diff. lat. 82 ( 1,91356 

By inspection. In the table, the distance 104 with 
the departure 64, give the course 38 deg. and diff. lat. 
82 miles. 

- 

227. Theorem. — In a right-angled plane triangle if 
one of the sides as radius be equal to the difference of 
latitude, and another side as tangent be equal to the 
departure, — the angle opposite the side as tangent will 
be equal to the course, and the side adjacent to this 

■ 
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angle will be equal to the distance, being the secant of 
said angle. Hence these solutions in the 6th case of 
plane sailing : 

As diff. lat is to rad. so is dep. to tangent of the" 
the course. And as rad. is to din. lat. so is. secant of 
the course to the distance. • 

Example. — Given the diff. lat. 89 and dep. 36 ; what 
is the course and distance ? 

As diff. lat. 89 1.94939 * 

Is to rad. 45° 10.00000 

So is dep. 36 1.55630 

■ 

To tangent of course 22 ° ) 9.6069 1 
or 2 pts. nearly. £ 

And as rad. 45° 10.00000 

Is to diff. lat. 89 1.94939 

So is secant of course 22° 10.03283 * 



To the distance 96 1.98222 

By inspection. In the table the diff. lat. 89 with the 
dep. 36 give the course 22 deg. and distance 96 miles. 

228. Theorem. — In a right-angled plane triangle if 
the hypothenuse as radius be equal to the difference of 
longitude, and a contiguous angle be equal to the paral- 
lel of latitude sailed in — the side adjacent this angle* 
will be equal to the meridian distance, being the co- 
sine of said angle. — Hence this solution in the 1st case 
of parallel sailing : 

As rad. is to the diff. Ion. so is the co-sine of the lat 
to the meridian distance. 

Example. — Given the diff. Ion. 140 miles and the lat. 
45 deg. what is the meridian distance ? 

As rad. 90° 10.00000 

Is to the diff. Ion. 140 2.14613 
So is the co-sine of lat. 45* 9.84949 



To the meridian dist. 99 1.99562 
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By inspection. In the table under 45 (leg. the difit 
Ion. 140, taken in the dist column, gives in the lat. 
column the meridian distance 99 miles. 

229. Theorem. — In a right-angled plane triangle if 
one side as radius be equal to the meridian distance* 
and a contiguous angle be equal to the parallel of lati- 
tude — the side adjacent to tnis angle will be equal to 
the diff. Ion. being the secant of said angle. Hence 
this solution in the 2d case of parallel sailing : 

As rad. is to the mer. distance so is the secant of 
the latitude to the diff. of longitude. 

Example. — Given the meridian distance 110 miles' 
and the lat. 36 deg. ; what is the diff longitude ? 

As rad. 45° 10.00000 

, Is to the mer. dist. 110 t 2.04139 
' So is the secant of lat. 36' 10.09204 



To the diff. of long.- 136 2,13343 

By inspection. In the table under lat. 36 deg. the 
mer. distance 110 taken in the lat. column gives the 
diff. loa in the dist. column 136. 

• 230. Theorem. — In a right-angled plane triangle if 
the hypothenuse as radius be equal to the diff. of lon-» 
gitude, and the side adjacent be equafto the meridian 
^distance — the angle formed by these two sides will be 
equal to the latitude, being its co-sine. Hence this 
solution in the 3d case of parallel sailing ; 

As diff. Ion. is to rad. so is meridian distance to the 
co-sine of the latitude.. 

Example. — Given the diff. loiv 120 miles, and the 
meridian distance 105 ; what is the latitude ? 

As diff. Ion. 120 2.07918 

Is to rad. 90° 10.00000 

So is meridian dist. 105 . 2.02 119 



To co-sine of lat. 28°57' 9.94201 
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By inspection. In the table the diff. Ion. 120 taken 
in the dist. column, with the meridian distance 105 ta- 
ken in lat. column, give the lat. 29 degrees. 

231. Theorem. — In a right-angled plane triangle, if 
the hy pothenuse as radius be equal t© the difference of 
longitude, and a contiguous angle be ecjual to the mid- 
dle latitude ; the side adjacent to this angle will be 
equal to the departure (or meridian distance,) being 
the co-sine of said angle. Hence this solution in the 
1st case of middle lat. sailing — to find the departure. 

As rad. is to diff. Ion. so is co-sine of middle lat. to 
the departure. 

Example. — Given the diff. Ion. 115 miles, and the 
mid. lat. 43 deg. ; what is the departure ? 

As rad. 90o 10.00000 

Is to diff. Ion. 115 2.06070 

So is co-sine mid. lat. 43* 9.86413 

To the departure 84 1.1*2483 

By inspection. In the table under 43 deg. the mid. 
lat. the diff. Ion. 115 taken in the dist. column will give 
the dep.84 in the column marked lat. — If the complement 
of the mid. lat. be used, then the departure is found in 
the column marked dep. 

232. Theorem. — In a right-angled plane triangle if 
one side as radius be equal to the departure, and a con- 
tiguous angle be equal to the middle latitude, the side 
adjacent to this angle will be equal to the difference of 
longitude, being the secant of the said angle. Hence 
this solution in the 2d case of middle latitude sailing, to 
find the difference of longitude : 

As rad. is to the dep. so is the secant of the mid. lat. 
to the diff. Ion. 

8 
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Example. — Given the dep. 104 miles and the 
lat. 43 deg. 30 min. ; what is the diff. longitude ? 

As rad. 45° 10.00000 

% Is to dep. 104 2.01703 

So is secant mid. lat 43°3(K 10.13944 



To diff long. 143^ 2.15647 

By inspection. The tables are calculated to whole 
degrees only — therefore under lat 43 deg. the dep. 
104, taken in the lat. column, gives, in the dist column, 
the diff. long. 142; and under lat 44 deg. it gives 145; 
the mean of these sums is 143-J- the true diff Ion. 



233. Theorem. In a right-angled plane triangle if 
one side as radius be equal to the meridional difference 
of latitude, and another side as tangent be equal to the 
difference of longitude, the angle opposite the side as 
tangent will be equal to the course. Hence this solu- 
tion in the first case of Mercator's sailing, to find the 
course : 

As mer. diff lat. is to rad. so is diff. Ion. to tangent of 
the course. 

Example.— Given the mer. diff lat. 202 and the diff 
Ion. 125 ; what is the course ? 

As mer. diff. lat. 202 2.30535 
Is to rad. 45* 10.00000 

So is diff Ion. 125 2.09691 



To tan. of course 31° 45' 9.79156 

By inspection. In the table look for mer. diff. lat. 
202 in the lat. column to agree with diff. Ion. 125 in 
the dep. column the course will be given at top or bot- 
tom. — The nearest numbers in the table in this case 
are 201.8 and 126.1 which give the course 32 deg. 
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234. Theorem. — In a right-angled plane triangle if 
*>ne side as radius be equal to the meridional difference 
of lat. and a contiguous angle be equal to the course, 
the side opposite this angle will be equal to the differ- 
ence of longitude, being the tangent of said angle. 
Hence this solution in the 2d case of Mercator's sail- 
ing, to find the difference of longitude : 

As rad. is to mer. diff. lat. so is the tangent of course 
to the diff. Ion. 

Example. — Given the mer. diff lat. 172 and course 
3 pts. ; what is the diff. longitude ? 

As rad. 45 • 10.00000 

Is to mer. diff. lat. 172 2.23553 
So is tan. course 3 pts. 9.82489 

To the diff. long. 115 2.06042 

-* 

By inspection. In the table under the course 3 pts. 
the mer. diff lat. 172 taken in the lat. column gives, in 
"the dep. column 115 for diff. long. 

235. As the proper difference of latitude is to the 
-departure, so is the meridional difference of latitude to 
the difference of longitude. 

Example. — Given the proper diff. lat. 160, the dep. x 
125 and the mer. diff. lat. 320; what is the diff. 
longitude ? 

As 160 is to 125 so is 320 to 250. Or, 
As prop. diff. lat 160 2.20412 

Is to departure 125 2.09691 
So is mer. diff. lat. 320 2.50515 



4.60206 



To diff. Ion. 250 2.39794 
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236. Theorem.— In a right-angled plane triangle, if 
one side as radius be equal to the difference of longi- 
tude, and a contiguous angle be equal to the comple- 
ment of the course ; the side opposite this angle will 
be equal to the meridional difference of latitude, being 
the tangent of said angle. Hence this solution : 

Rad. : diff. Ion. :: co-tang, course : men diff. lat. 



Example. — Given the course 38* and diff. Ion. 125 
miles ; what is the mer. diff. lat. ? 



Rad. 90° 
Is to diff. Ion. 125 
So is co-tang, course 38° 

To mer. diff. lat. 160 



10.00000 
2.09691 
10.10719 

2.20410 



By inspection. Under the course 38° and opposite 
the diff. Ion. 125 taken in the dep. col. stands in the lat. 
col. 160 the mer. diff. lat. 
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237. A table of the rules collected, by which the 
problems in plane, parallel, middle latitude, and Mer- 
cator's sailing may be calculated by logarithms. 



In Plane Sailing, 

GIVEN. | REQUIRED. | SOLUTIONS. 


Course and bill lat. and 
Distance. Departure. 


Rad. : dist. :: co-sine course : diff. lat. 
Had. : dist. :: sine course : dep 


Court e tod ( Distance and 
Diff. lat. Departure. 


Had. : diff. Ial. •*: sec. course : dial- 
Rad. : diff lat. :: tane. course : dep. 


Course and 
Departure. 


Distance and 
Diff. lat. 


Had. : dep. :: co-sec. course : dist. 
Rad. : dep. :: co-tang, course : diff. lat. 


Distance and 
Diff. lat. 


Course and 
Departure. 


Dial. : rad. :: diff. lat. : co sine course. 
Rad. : dist. :: sine course : dep. 


Distance an< 
Departure. 


Course and 
Miff. lat. 


Dist. : rad. :: dep. : sine course. 
Rad. : dist. :: co sine course : diff. lat. 


Diff. lat. am 
Departure. 


ourse aad 
Distance. 


Diff. lat. : rad. :: dep. : tang, course. 
Rad. : diff. lat. :: 6ec. course : dist. 


In Parallel Sailing. 


.Latitude aad 
Diff. Ion. 


Meridian dis- 
tance. 


Rad. : diff. Ion. :: co-sine lat. : mer.dist 


Latitude auo 
Mer. dist. 


Diff. Ion. 


Rad. : mer. dist. :: sec. lat. : diff. Ion. 


Diff. Ion. and 
Mer. dist. 


Parallel ot lat- 
itude. 


Diff. Ion. : rad. :: mer. dist. : co-sine lat. 


In Middle Latitude Sailing. 


Dili', ioii.aud 
Mid. lat. 


Departure. 


Rad. : diff. loo. :: co-sine mid. lat. : dep. 


Departure A 
Mid. lat. 


Diff. loo. 


Rad. : dep. :: sec. mid. lat. : diff. Ion. 


Diff. lat. 
Diff. Ion. and 
Mid. lat. 


iDifflat. : diff. lou. :: co sine mid. lat. :tang. 
Course. course, or diff. lat. : rad. :: dep. : tang. 
1 course. 


In Mercator's Sailing. 


Mer. diff lat., ~ I11BH 
and diff. Ion.) CoUI8e * 


itler. difi. Ial.: rad. :: diff. long. : lang. 
course. 


Course and 
Mer.diff lat. 


Diff. Ion. 


Had. : mer. diff. lat. : tang, course : diff. 
Ion. 


Prop.diil.lat. 
Dep. and 
Mer.diff. lat. 


Diff. loo. 


Prop. did*. Ial. : dep. :: oter. diff. ial. : 
diff. Ion. 


Course and 1 
Diff. lou. 1 


Mer. diff. lat. 


Rad. : diff. Ion. :: co-tang, course : mer. 
diff lat. 



I 
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238. In the preceding table are to be found solutions 
for all the usual cases throughout the different methodf 
of sailing. There are other proportions which give 
the same results. As far as practicable I have select- 
ed those in which radius is the first terra of the pro- 
portion, which renders the operations by logarithms 
more easy for the learner. 

The solutions in middle latitude and in Mercators 
sailing, which are common with plane sailing, are not 
repeated. It is presumed the omission will not be con- 
sidered a deficiency, as the table contains every requi- 
site analogy ; and the learner will readily discover tnat 
the methods of middle latitude and Mercator's, vary 
from plane sailing only in relation to the longitude. 

239. Estimating the difference of longitude by the 
middle latitude is the usual practice in ordinary voya- 
ges. It is convenient, and sufficiently accurate for short 
runs, or a day's work in common latitudes ; but in high 
latitudes, when the distance embraces distant parallels, 
it is erroneous. 

240. Mercator's sailing is perfectly accurate, and the 
problems in it are easily performed by the diagram of 
navigation, the meridional parts being readily obtained 
hy the arc of expanded degrees of latitude, or taken 
from a table when great exactness is required. 

General principles of the Tides.* 

241. "A tide is that motion of the water in thesea* 
and rivers, by which they are found to rise and fall in a 
regular succession ; and this flowing and ebbing is caus- 
ed by the attraction of the sun and moon." 

242. " The parts of the earth directly under the 
moon, or where the moon is in the zenith ; and those 
places which are directly opposite to the former, or 
under the nadir, will have nigh water at the same time." * 

243. " Those parts of the earth where the moon ap- 
pears in the horizon ; or 90° distant from the zenith 
and nadir will have ebb or low water." 

* Extracted fioro Keith'* Treatise on the Globes. 
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244. 44 The time of high water is not precisely at, 
the time of the moon's coming to the meridian, but a- 
bout an hour after." 

245. "The tides are greater than ordinary twice 
every month, viz : at the times of new and full moon, 
and these are called spring tides." 

246. 44 The tides are less than ordinary twice every 
month ; that is about the time of the first and last quar- 
ters of the moon, and these are called neap tides" 

247. 44 The spring tides do not happen exactly on 
the day of the change or full moon, nor the neap tides 
exactly on the days of the quarters, but a day or two 
afterwards." 

248. " When the moon is nearest to the earth, or in 
perigee, the tides increase more than in similar circum- 
stances at other times." 

249. 44 The spring tides are greater a short /time be- 
fore the vernal equinox, and after the autumnal equi- 
nox, viz : about the latter end of March and Septem- 
ber, than at any other time of the year." 

250. 44 Lakes are not subject to tides ; and small in- 
land seas, such as the Mediterranean and Baltic, are 
little subject to tides. In very high latitudes, north or 
south, the tides are also inconsiderable." 

251. 44 The time of the tides happening in particular 
places, and likewise their height may be very different 
according to the situation of these places ; because 
the motion of the tides is propagated swifter in the op- 
en sea, and slower through narrow channels or shallow 
places ; and being retarded by such impediments, the 
tides cannot rise so high." 

252. "By the general theory the motio^ of the tides 
ought always to follow the moon, and flow from east to 
west ; but to allow the tides their full motion the ocean 
in which they are produced ought to extend from east to 
west at least 90° or 6255 English miles ; because that is 
the distance between the places where the water is the 
most raised and depressed by the moon." 



* 
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253. u Hence it appears thaj it is only in the great 
oceans that the tide can flow regularly from cast to 
west ; and hence we also see why the tides in the tor- 
rid zone, between Africa and America, though nearly 
under the moon, do not rise so high as in the temper- 
ate zones northward and southward, where the ocean 
is considerably wider." 

254. " The tides in the Atlantic, in the torrid zone, 
flow from east to west till they are stopped by the 
Continent of America ; there the trade winds likewise 
continue to blow in that direction." 

255 " When the action of the moon upon the wat- 
ers has in some degree ceased, the force of the trade 
winds in a great measure, prevents their return toward 
the African shores. The water thus accumulated in 
the Gulf of Mexico returns to the Atlantic between 
the Island of Cuba, the Bahama Islands and East Flor- 
ida, and forms that remarkable strong current called 
the Guif of Florida," or the Gidf Stream, 

256. A table of the velocity of the Wind, 



Miles per hour 



5 



1 . . 

2 to 
4 to 

10 to 15 . 
20 to 25 . 
30 to 35 . 
40 to 45 . 
*) 0 • • • • 
60 «... 
80 . . 
100 . . 



Common appellations. 



Hardly perceptible. 
Just perceptible. 
Gentle pleasant wind. 
Pleasant brisk gale. 
Very brisk. 
High winds. 
Veiy high. 
A storm, or tempest. 
A great storm. 

A hurricane. ings, &c\ 

A hurricane that tears up trees, build- 
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